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Abstract
Spinocerebellar ataxia type 7 (SCA7) is a polyglutamine disease that progressively affects the cerebellum, brainstem, and retina.
SCA7 is quite rare, and insights into biomarkers and pre-clinical phases are still missing. We aimed to describe neurologic and
ophthalmological findings observed in symptomatic and pre-symptomatic SCA7 subjects. Several neurologic scales, visual
acuity, visual fields obtained by computer perimetry, and macular thickness in optical coherence tomography (mOCT) were
measured in symptomatic carriers and at risk relatives. Molecular analysis of the ATXN7 was done blindly in individuals at risk.
Thirteen symptomatic carriers, 3 pre-symptomatic subjects, and 5 related controls were enrolled. Symptomatic carriers presented
scores significantly different from those of controls in most neurologic and ophthalmological scores. Gradual changes from
controls to pre-symptomatic and then to symptomatic carriers were seen inmean (SD) of visual fields − 1.34 (1.15), − 2.81 (1.66).
and − 9.56 (7.26); mOCT − 1.11 (2.6), − 3.48 (3.54), and − 7.73 (2.56) Z scores; and BSpinocerebellar Ataxia Functional Index
(SCAFI)^ − 1.16 (0.28), 0.65 (0.56), and − 0.61 (0.44), respectively. Visual fields and SCAFI were significantly correlated with
time to disease onset (pre-symptomatic)/disease duration (symptomatic carriers). Visual fields, mOCT, and SCAFI stood out as
candidates for state biomarkers for SCA7 since pre-symptomatic stages of disease.
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Introduction

Spinocerebellar ataxia type 7 (SCA7) is an autosomal domi-
nant polyglutamine disorder (polyQ) caused by a CAG repeat
expansion at ATXN7 [1, 2]. As in other polyQ diseases, there
is an inverse correlation between age at onset (AO) and length
of the expanded CAG (CAGexp) repeat. Mutant ataxin-7 ac-
cumulates in neurons and forms insoluble neuronal
intranuclear inclusions (NIIs), a hallmark in SCA7 as well as
in other polyQ disorders. NIIs are associated to selective cell
degeneration, especially Purkinje cells in the cerebellum and
photoreceptors in the retina [3]. SCA7 patients develop ataxia,
spasticity, dysphagia, dysarthria, and visual impairments that
can lead to blindness. Without a disease-modifying therapy,
the disorder is related to a reduced survival.

SCA7 is one of the less frequent CAG trinucleotide repeat
ataxias worldwide, representing less than 6% of all SCAs in
several populations [2, 4–6]. Therefore, studies with large
sample sizes are still limited. Ophthalmological characteris-
tics, such as visual acuity, visual fields, biomicroscopy of the
fundus, and tomographic macular and electroretinographic
patterns, have been described in small case series that might
have missed the chance of identifying potential surrogate
markers for future clinical trials. Moreover, pre-clinical phases
of the disease were never described.

Our aim was to characterize neurologic and ophthalmolog-
ical manifestations of pre-symptomatic and symptomatic sub-
jects in a cross-sectional study, in order to raise potential can-
didate biomarkers of disease state in SCA7.

Methods

Symptomatic individuals with a molecular diagnosis of SCA7
performed at the Hospital de Clínicas de Porto Alegre, as well
as their at 50% risk relatives older than 18 years, were invited
to participate. At risk relatives and researchers were kept blind
to molecular state; those who decided to perform pre-
symptomatic testing (PST) were referred to the PST program
of our institutions. The study was performed in university
hospitals of Porto Alegre and Rio de Janeiro, Brazil.

Informed consent was obtained from each participant. This
study was approved by the Ethics Committees (EC) from
Hospital de Clínicas de Porto Alegre and from Hospital
Gaffrée e Guinle (UNIRIO), being registered at Plataforma
Brasil as CAAE 52703516.8.0000.5327.

Clinical and Neurologic Evaluations

After consent, AO of gait ataxia and AO of visual losses of the
symptomatic individuals as well as age, gender, and additional
demographic information of all participants were obtained.
The Brazilian version of the National Eye Institute Visual

Functioning Questionnaire (NEI-VFQ 25) [7] was answered
by patients themselves or helped by the researchers, if needed.
A decrease in NEI-VFQ 25 describes a decline in the quality
of life related to vision.

A trained investigator (AGR) applied five different clinical
scales in the study participants: the Scale for the Assessment
and Rating of Ataxia (SARA) [8], the Neurological
Examination Score for Spinocerebellar Ataxias (NESSCA)
[9], the Composite Cerebellar Functional Score (CCFS)
[10], the Spinocerebellar Ataxia Functional Index (SCAFI)
[11], and the Inventory of Non-Ataxia Symptoms (INAS)
[12]. Higher scores describe symptom deterioration, except
SCAFI scores.

Ophthalmological Evaluations

Ophthalmological evaluations were applied by a trained oph-
thalmologist (PBA) up to 30 days following neurological
examinations.

The best-corrected visual acuity (BCVA) (central vision)
was measured according to parameters of the Early
Treatment Diabetic Retinopathy Study (ETDRS) [13], and
results were expressed in logarithm of the minimal angle of
resolution (logMAR) for analysis.

Visual fields were obtained by computer perimetry
(Humphrey Field Analyzer 745, Carl Zeiss Medtech Inc.,
Dublin, EUA). In summary, a dim light is presented at a par-
ticular location throughout the perimeter and is made gradu-
ally brighter until it is seen. The minimum brightness required
for the detection of light is the threshold sensitivity level of
that location, recorded in decibels. The entire visual field is
tested this way; the overall result (called total deviation) com-
prises the difference between measured values and population
age-norm values at specific retinal points. The mean deviation
(MD) is derived from the total deviation and represents the
overall mean departure from the age-corrected norm. A nega-
tive value indicates field loss.

Pupillary reflexes were clinically evaluated, whereas ab-
normalities of fixation, smooth pursuit, and saccades were
registered at INAS-specific items.

The retina was examined using fundus slit lamp
biomicroscopy, clinical pictures, and optical coherence to-
mography (OCT). Macular thickness (mOCT) was measured
using a spectral domain OCT (Cirrus HD-OCT, Carl Zeiss
Medtech Inc., Dublin, EUA) in participants from Rio de
Janeiro, and swept source OCT (DRI OCT Triton plus,
Topcon Inc.) in participants from Porto Alegre.

Molecular Analyses

Genomic DNAwas obtained from peripheral blood sample by
standard procedures. The region of interest of the ATXN7 gene
was amplified using gene-specific primers flanking the repeat
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tract (SCA7F—5′ GAGCGGAAAGAATGTCGGAG 3′ and
SCA7R—5 ′ CACGACTGTCCCAGCATCACTT
3′),SCA7R being fluorescently labeled. Following amplifica-
tion, amplicons were resolved by capillary electrophoresis in
an ABI3130xl genetic analyzer (Applied Biosystems). In ad-
dition, all cases were also analyzed by repeat primed PCR
(TP-PCR), using three additional primers (SCA7TPF 5′
GAGCGGAAAGAATGTCGGAG 3′—labeled, TPCAGR1
- 5′ TACGCATCCCAGTTTGAGACGCTGCTGCTGCT
GCTG 3′, and TPR2 - 5′ TACGCATCCCAGTTTGAGACG
3′) aiming to detect very long expanded alleles. Amplicon
lengths of normal and intermediate alleles were estimated
using GeneMapper® 3.2 software (Applied Biosystems).
Very long alleles were not quantified due to methodological
limitations. Those alleles were detected by TP-PCR and de-
fined by their characteristic profile. Negative and positive con-
trols were also included in all analyses. Primer sequences are
available upon request.

Analyses

All investigators but the PIs (MLSP and LBJ) were kept blind
to molecular data obtained from subjects at 50% risk. Three
groups were determined: related controls, pre-symptomatic,
and symptomatic carriers of ATXN7 expansions. The pre-
symptomatic status included subjects with no complaints of
ataxic or visual disturbances. Subjects with reduced pene-
trance alleles of 34 to 36 repeats [2] were not included in the
analyses.

Group quantitative characteristics were compared using
ANOVA or Kruskal-Wallis test. The Kruskal-Wallis test was
chosen when residuals of ANOVAwere not normal consider-
ing Shapiro-Wilk’s test. Pearson’s correlation test or
Spearman’s rho was used for correlations, followed by linear
regression model when required.

The mOCT was measured by two different equipment.
Since the mean (SD) of control groups measured by Cirrus
HD-OCT (for Rio de Janeiro participants) and swept source
OCT (for Porto Alegre participants) was 281.3 (14.5) and
233.68 (19.71) μm, respectively [14, 15], Z scores were cal-
culated for each subject according to the device in use.

SARA was chosen as the a priori parameter to measure
disease severity; this scale has been shown to change signifi-
cantly after 12 months in SCA7 symptomatic carriers [16]. As
visual impairment measurement was one of the main targets of
the present study, BCVAwas chosen to be the visual standard
criterion of SCA7 severity, and to be compared to the other
instruments under study.

A model to predict the median AO of the first symptom
(either gait ataxia or visual loss) for each CAGexp length
(including linear and quadratic terms) was developed, as pre-
viously described [17]. Molecular data of SCA7 carriers stud-
ied by our group [6, 18] were used for that. The difference

between predicted age at onset (PAO) and actual age for each
pre-symptomatic carrier was called Btime to disease onset^
(TDO). Finally, a unique time variable was created for all
SCA7 carriers and called Btime to disease onset or disease
duration since the first symptom^ (TDO/DD), where negative
numbers represent number of years to disease onset among
pre-symptomatic carriers, zero represents time of the first
symptom, and positive numbers represent number of years
after first symptom.

This study was exploratory and, although a p < 0.05 was
chosen to support the assumptions made, controlling for mul-
tiple testings was not performed.

Results

Nine families were diagnosed as segregating SCA7 in both
cities (Porto Alegre and Rio de Janeiro) from 2001 to 2017,
and eight of them were retrieved. By 2017, 20 symptomatic
and 29 subjects at 50% risk were identified by telephone calls
as being alive, and were invited to participate in this study.
Seven symptomatic carriers were unable to come to the study
centers due to transport difficulties. Thirteen symptomatic car-
riers and eight at risk individuals agreed to participate, and
were enrolled in this study.

Among at risk relatives, a 65-year-old man was detected as
carrying a low penetrance ATXN7 allele of 35 CAG repeats.
His only clinical complaint was cramps; physical examination
revealed mild sensory losses, hyperreflexia, and Babinski
sign. Since both ATXN7 allele and clinical picture were of
uncertain significance, he was excluded from subsequent
comparisons. His clinical scores and molecular characteristics
are described in the Supplemental Table 1.

Table 1 summarizes the general characteristics of the three
studied groups. Gait ataxia and visual losses were first mani-
festations in six and seven symptomatic carriers, respectively.
Although CAGexp correlated to AO in the overall cohort (r =
− 0.678, p = 0.031, Spearman), this association was stronger
in symptomatic subjects whose first symptom was visual loss
(r = − 0.977, p = 0.0001, Spearman).

Results from Neurologic Examinations and Scales

NESSCA, SARA, INAS count, and SCAFI were able to sep-
arate symptomatic from pre-symptomatic SCA7 subjects. In
contrast, only SCAFI showed a trend to differentiate pre-
symptomatic carriers from controls (Table 1, Fig. 1a).

Twelve out of 13 symptomatic carriers were able of per-
form eye movements tests (Table 2). Slow saccades, gazed-
evoked nystagmus, and ophthalmoparesis were the most prev-
alent eye movement disorders; visual acuity might have im-
pacted on the study of eye movements (Table 2). Slow sac-
cades were distributed similarly between patients with early-
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and adult-onset disease, while ophthalmoplegia was a pre-
dominant feature of patients with early onset of symptoms
(data not shown).

Neurologic scales were not related to disease duration since
the first symptom of the symptomatic group, type of the first
symptom—gait ataxia or visual loss—or CAGexp (Table 3).
When all carriers were analyzed, correlations with TDO/DD
were obtained for INAS (r = 0.648, p = 0.009), NESSCA (r =
0.592, p = 0.02), and SARA (r = 0.536, p = 0.039), but they
might have been the result of roof effects. In contrast, correla-
tion between TDO/DD and SCAFI was strong (r = − 0.818,
p = 0.001) and showed a smooth distribution (Fig. 2a, Table 3).

SARA correlated with NESSCA, INAS count, and SCAFI,
when all carriers and when only symptomatic carriers were
studied (Table 3, Supplemental Table 2, and Fig. 2d, e).
Significant correlations were obtained betweenBCVA, the oth-
er a priori parameter to measure disease severity, and INAS

count and SCAFI, when all CAGexp carriers were included.
Significances were lost when pre-symptomatic carriers were
excluded (Table 3, Supplemental Table 2).

Ophthalmological Findings

BCVA was decreased in all symptomatic and was normal in
pre-symptomatic subjects (Table 1).

MD scores decreased from controls to pre-symptomatic
and from pre-symptomatic to symptomatic subjects; signifi-
cant differences were only reached between controls and
symptomatic subjects (Table 1, Fig. 1b).

Maculopathy was noted just in symptomatic subjects, be-
ing present in all of them. The most common finding was
macular granular appearance. One subject showed retinitis
pigmentosa-like findings (waxy pallor of the head of the optic

Table 1 Clinical, molecular, neurologic, and ophthalmological characteristics of symptomatic and pre-symptomatic SCA7 subjects and controls

Carriers of CAGexp at ATXN7 Controls p

Symptomatic subjects Pre-symptomatic subjects

N (females) 13 (4) 3 (3) 5 (3)

Age (years) 39.8 (15.6) 30.7 (9) 38 (12.9) ns#

CAG repeat, short allele 10 (7–11) 10 (10 to 11) 10 (10 to 13) ns#

CAG repeat, large allele 44 (39 to 60) 42 (39 to 42) 0.021###

Age at onset of first symptom (years) 29.5 (12.2)
9 to 42

Disease duration or time to disease onset
(for asymptomatic carriers), (years)

9 (5.9)
1 to 21

-11.3 (10.3)
-20 to 0

SARA scores 18.3 (10)a
0.5 to 39

1 (1.3)b
0 to 2.5

0.9 (1)b
0 to 2

0.02##

NESSCA 14.7 (7.7)a
1 to 28

1.3 (1.2)b
0 to 2

2.2 (1.3)b
1 to 4

0.001#

INAS count 4.92 (2.46)a
0 to 8

0.33 (0.57)b
0 to 1

0.4 (0.55)b
0 to 1

0.0001 #

CCFS scores 1.14 (0.56)
0.13 to 2.50

0.94 (0.17)
0.82 to 1.14

0.93 (0.50)
0.33 to 1.72

ns##

SCAFI scores − 0.61(0.44)a
− 1.18 to 0.09

0.65 (0.56)b
0.05 to 1.15

1.16(0.28)b
0.75 to 1.49

0.0001#

NEI-VFQ 25 scores 56.8 (20.7)a
14.5 to 83.4

74.9 (22.5)
50.5 to 94.8

92.76(6.7)b
84.7 to 99.16

0.007#

BCVA (logMAR)
Normal, close to 0

− 0.85 (0.39)a
− 1.3 to 0

0.04 (0.07)b
0 to 0.12

0 (0)b0 0.0001#

MD
normal, less than − 2

− 9.56 (7.26)a
− 28.3 to − 0.66

− 2.81 (1.66)
− 4.47 to 1.15

− 1.34 (1.15)b
− 2.9 to − 0.39

0.012##

mOCT (Z scores) − 7.73 (2.56)a
− 13.23 to − 4.68

− 3.48 (3.54)b
− 5.99 to − 0.97

− 1.11 (2.6)b
− 4.4 to 1.69

0.003#

After gender distribution, data are given as mean (SD) minimum to maximum or median (minimum to maximum). For each parameter, figures sharing
the same letter are not statistically different (Tukey-adjusted comparisons for ANOVA and Dunn pairwise comparisons for Kruskal-Wallis)

BCVA, best-corrected visual acuity (central vision);CCFS, composite cerebellar functional score; INAS count, Inventory of Non-Ataxia Symptoms;MD,
mean deviation of losses on visual fields; mOCT, optical coherence tomography of macula; NEI-VFQ 25, National Eye Institute Visual Functioning
Questionnaire; NESSCA, Neurological Examination Score for Spinocerebellar Ataxias; SARA, Scale for the Assessment and Rating of Ataxia; SCAFI,
Spinocerebellar Ataxia Functional Index
#ANOVAwith Tukey; ##Kruskal-Wallis with Dunn’s test; ###Mann-Whitney U test
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nerve and bone spicules in the mid-periphery retina); no ad-
ditional case had optic nerve alterations.

All symptomatic cases studied had some degree of foveal
thinning on mOCT. The obtained raw scores and also the Z
scores decreased from controls to pre-symptomatic and from
pre-symptomatic to symptomatic subjects (Table 1).

Nonetheless, differences in Z scores were not significant
(Table 1 and Fig. 1c).

Ophthalmological scores were not related to disease dura-
tion since the first symptom, nor to the type of the first
symptom—gait ataxia or visual loss—nor to CAGexp, when
only the symptomatic group was studied (Table 3). Although
simple correlations were obtained between NEI-VFQ 25 and
age (r = − 0.59, p < 0.05, Pearson), on the one hand, and TDO/
DD (r = − 0.619, p = 0.018), on the other hand, regression
analysis confirmed the effect of age on NEI-VFQ 25 only.
Correlations with TDO/DD were obtained for BCVA (r = −
0.665, p = 0.007) and MD (r = − 0.691, p = 0.013) (Fig. 2b,
Table 3), while a trend can be seen in relation to mOCT
(Fig. 2c); results obtained for BCVA were apparently related
to ceiling effects (not shown).

BCVA and MD correlated with SARA in the overall group
of SCA7 heterozygotes; when pre-symptomatic subjects were
excluded, significance was lost, reflecting that previous sig-
nificances might have been partly related to roof effects (Fig.
2f, Table 3, Supplemental Table 2). Significant correlations
with BCVA were obtained for NEI-VFQ 25, SCAFI, and
MD when all CAGexp carriers were included; again, signifi-
cances were lost when pre-symptomatic carriers were exclud-
ed (Table 3, Supplemental Table 2).

Discussion

Our results suggest that a progressive deterioration of visual
fields (MD), of macular thickness (mOCT), and of SCAFI
occurs from pre-symptomatic to symptomatic phases of
SCA7. The other neurologic scales had normal results during
the pre-clinical phase of the disease. The limited number of
pre-symptomatic subjects impacted on some comparisons
with controls; this restriction is hard to be surpassed, due to
rarity of the disease. MD and SCAFI correlated very well,
while mOCTshowed a trend to correlate with the time burden
as measured by TDO/DD and stood out as candidates for state
biomarkers since pre-clinical phases of the disease.

Neurologic characteristics observed in present symptomat-
ic carriers were similar to those found elsewhere [1, 6, 19–22].
As expected, spasticity and eye movement disorders were
particularly frequent. Visual losses seemed to prevent ocular
movement exam only at later stages of the disease (Table 2).

SARA has been the most used clinical scale in SCA7
[16, 21–23]. A former study [14] showed that SARA
scores worsened 1.6 (0.4) points per year (p < 0.001) in
this disease. Considering that minimally important differ-
ence (MID) for SARA in different SCAs is 1.1 points [24],
this scale is not only valid for SCA7 but would have re-
sponsiveness to SCA7 progression in 1 year. However,
SARA measures only ataxic manifestations, whereas
SCA7 shows a broader burden spectrum, the most

Fig. 1 Distribution of scores obtained on the Spinocerebellar Ataxia
Functional Index (SCAFI) (a), the average loss of visual fields described
as mean deviations (MD) (b), and macular thickness, as Z scores (c),
according to the three groups under study: controls, pre-symptomatic,
and symptomatic carriers of ATXN7 CAG expansions
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important being visual loss. Non-ataxic, as well as ophthal-
mological, instruments to measure disease progression are
required for future longitudinal studies and trials.

The two a priori parameters of disease severity—SARA
and BCVA—only changed (deviated from normal results) af-
ter the onset of symptoms. Therefore, SARA and BCVA can
be useful for the symptomatic period, and we start the discus-
sion about this phase of the disease. NESSCA, SARA, INAS
count, SCAFI, BCVA, MD, and the Z score of mOCT were
able to separate symptomatic from pre-symptomatic carriers
(Table 1). Curiously, none of these scores varied according to
disease duration, not even when the first disease
manifestation—visual loss or gait ataxia—and CAGexp were
taken into account. It is unclear if this result was related to a
small sample size or to the existence of additional modifying
factors. We then moved towards the clinimetric evaluations in
the overall group of carriers, in order to see if there was some
progression related to time and present in pre-clinical stages.
As expected, most neurological scores did not distinguish pre-
symptomatic from control subjects, apart from SCAFI. The
suggestion of a progressive change in SCAFI scores shown in
Fig. 1a was supported by a strong association of these scores
with TDO/DD (r = − 0.74), a variable assembled to measure
the burden of time among all pre-symptomatic and symptom-
atic carriers (Fig. 2a).

Visual acuity, visual fields, and on the anterior and poste-
rior segments of the eye are natural candidate biomarkers of
SCA7 disease progression, not only due to their quantitative
characteristics but mostly due to their clinical significance for
the disease. Visual impairment due to macular deterioration
has been studied in different ways in SCA7 [1, 20, 23, 25–29].
We assessed visual impairment by MD and by BCVA.
Symptomatic subjects showed dramatically different results
from the other two groups (Table 1). The trend towards dif-
ferentiation between controls and pre-symptomatic carriers
was small for MD (Fig. 1b). Both BCVA and MD values
correlated with TDO/DD (Fig. 2b): significant correlations
due to roof effect were apparent for BCVA, but not to MD.
Therefore, MD can be a candidate state biomarker since pre-
symptomatic phases of SCA7.

Retinal abnormalities might be anatomically studied by
OCT. OCT descriptions have appeared in case series and
detected macular thinning as a common feature in SCA7
[23, 26–29]. Our study showed that Z scores of mOCTwors-
ened progressively from controls to pre-symptomatic and
then to symptomatic carriers. Sample size can be the expla-
nation for lack of significance when pre-symptomatic car-
riers were compared to controls: only two out of the three
pre-symptomatic carriers performed OCT analyses (Table 1,
Fig. 1c). Moreover, Z scores had to be adopted due to the use

Table 2 Neurologic findings in
symptomatic SCA7 subjects Finding Present in

Gait ataxia 12/13

Pyramidal findings All 12/13

Brisk reflexes 1/13

Brisk reflexes plus spasticity and/or Babinski sign 11/13

Dysarthria 12/13

Dysphagia 7/13

Fasciculations 3/13

Sensory losses 8/13

Dystonia 7/13

Urinary urgency 5/13

Cramps 5/13

Vertigo 4/13

Impaired visual acuity according to INAS All 12/13

Eye movement disorder

Slow saccades All 7/12

With BCVAworse than − 0.84 (the median) 4/6

Saccadic interruptions on pursuit All 1/12

With BCVAworse than − 0.84 (the median) 0/6

Gazed-evoked nystagmus All 2/12

With BCVAworse than − 0.84 (the median) 1/6

Ophthalmoparesis All 5/12

With BCVAworse than − 0.84 (the median) 4/6
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Table 3 Summary of clinimetric findings of the main candidates for state biomarker in SCA7, in the present case series

Scores ability to
distinguish between
asymptomatic carriers
and controls

Correlation
with disease
duration
(Pearson)

Correlation with Btime to
disease onset or disease duration
since the first symptom^ (TDO/
DD)
(Pearson)

Correlation with SARA
(a priori parameter of
disease severity)
(Pearson)

Correlation with visual
acuity (BCVA)
(a priori parameter of
disease severity)
(Pearson)

Symptomatic
subjects

All heterozygotes Symptomatic
subjects

All
heterozygotes

Symptomatic
subject

All
heterozygotes

Neurologic scales
SARA No ns r = 0.53, p = 0.039 – –
NESSCA No ns r = 0.59, p = 0.02 r = 0.88,

p = 0.0001#
r = 0.88,

p = 0.0001
ns r = − 0.43,

p = 0.097
INAS
count

No ns r = 0.65, p = 0.009 r = 0.82,
p = 0.001#

r = 0.90,
p = 0.0001

ns r = − 0.60,
p = 0.015

SCAFI Trend ns r = − 0.82, p = 0.001# r = − 0.81,
p = 0.001#

r = 0.90,
p = 0.0001#

ns r = 0.72,
p = 0.003

Ophthalmologic parameters
BCVA No ns r = − 0.65, p = 0.007 ns r = − 0.63,

p = 0.01
– –

Visual
fields
(MD)

No ns r = − 0.69, p = 0.013# ns r = − 0.64,
p = 0.075

ns r = 0.54,
p = 0.036

Macular
thickness
on OCT
(mOCT)

No ns ns ns ns ns ns

# Clearcut absence of roof/ceiling effects from the distribution of scores

Fig. 2 Informative correlations obtained in the present study. Scales
related to time to disease onset (in pre-symptomatic carriers)/disease du-
ration (in symptomatic carriers) were SCAFI (a), MD (b), and mOCT (c).

Scales validated for SCA7, due to their correlations with SARA, were
NESSCA (d), INAS count (e), and the average loss of visual fields (f)
described as MD
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of different devices, raising the threshold to get significant
results. In a better methodological scenario, the trend pre-
sented in Fig. 2c suggests that mOCT scores could be related
to TDO/DD and also to other clinical scales. Gene therapy
approaches were successful in reducing retinal degeneration
in pre-clinical studies [30, 31], and clinical trials are expect-
ed in the near future. Knowledge on the progression rate of
ataxia and on retinal degeneration in SCA7 is then impera-
tive. Retina is very accessible to clinical observation, and
visual field and OCT studies gave rise to altered results on
pre-clinical phases in our study. Hopefully, these quantitative
variables might present metric characteristics of state bio-
markers in a future longitudinal observation. Several ques-
tions will deserve attention—for instance, if retinal and cer-
ebellar deteriorations progress with similar rates, or why dis-
ease starts with visual loss in some subjects, and with gait
ataxia in others. The first manifestation—visual loss or gait
ataxia—did not have any impact on disease severity as mea-
sured by clinical scales in our study. On the other hand, the
stronger association between CAGexp and AO among sub-
jects whose first symptom was visual loss than in the overall
group (r = − 0.905 and − 0.667, p < 0.05, Spearman, Fig. 1)
requires further explanation. First symptom modifier
factors—favoring visual loss or gait ataxia—may change
CAGexp strength on determining AO.

Our study was limited mainly by sample size. Literature
data on SCA7 showed a great amount of small case series,
mainly when the goal is eye examination. Although pre-
symptomatic SCA7 carriers had been mentioned in a former
study [21], to the best of our knowledge, this was the first
description of neurologic scales and ophthalmological find-
ings in pre-clinical phases of the disease. In fact, only three
pre-symptomatic carriers were recruited, but this number is in
agreement with that of the a priori expectation related to our
recruitment success—eight subjects at 50% risk agreed to par-
ticipate in our study. Moreover, all the present pre-
symptomatic subjects were women. Although a gender effect
was never described in SCA7 or was found in our symptom-
atic subjects, a potential bias effect cannot be completely ruled
out from our results. Solutions to circumvent the impact of
SCA7 frequency on the power of clinical studies include the
establishment of registries and future meta-analyses. Both al-
ternatives will require standardized measurements in order to
be implemented.

We conclude that scales covering extra-cerebellar manifes-
tations such as NESSCA and INAS correlated very well with
SARA and are valid to be tested longitudinally in SCA7
symptomatic carriers. Although this was an exploratory study,
three interesting candidates for state biomarkers starting from
pre-symptomatic phases could be raised: mOCT, MD, and
specially SCAFI. Finally, we suggest a standardization of
measurements of ophthalmological manifestations in SCA7
to be performed in the near future, in order to help aggregate

data from different studies, and speed up the achievement of
robust evidence on natural history of this rare disease.
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